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DESCRIPTION 

High Temperature, Short Time Microwave Heating System 
and Method of Heating Heat-Sensitive Material 

Background of the Invention 

5 It is desirable to sterilize, pasteurize or otherwise heat treat heat-sensitive 

material by heating such heat-sensitive material, such as biological fluids, to high 
temperatures for very short time periods without effecting substantially the other 
desirable properties of the heat-sensitive material. U.S. Patent 4,839,142, issued 
June 13, 1989 and U.S. Patent 4,975,246, issued December 4, 1990, both disclose 

10 high temperature, short time heating systems and methods for the heating of heat- 
sensitive material to destroy substantially the pathogenic or other microorganisms, 
such as viruses, in the heat-sensitive material without substantially effecting other 
desirable properties of the heat-sensitive material, such as proteinaceous matter. 
These patents disclose a system and method in which heat-sensitive material, 

15 such as a biological fluid, such as blood plasma or serum or tissue culture or tissue- 
type or other material, is rapidly heated by microwave energy to a selected 
temperature, held for a very short holding time and then rapidly cooled and then 
recovered. Typically, the method described provides for rapidly heating the heat- 
sensitive material at a rate of over 50 °C per second, for example 50° C to 2000° C 

20 per second, for a heating time period typically less than one second to a 
preselected temperature of typically over about 60 °C and to a temperature wherein 
the rate of reduction or destruction of the pathogenic organisms is greater than the 
rate of destruction of the heat-sensitive compound by employing microwave energy 
to accomplish the rapid heating. The method includes holding the heated heat- 

25 sensitive material at a preselected temperature for a short holding time period 
which might be quite short, for example less than 0.05 seconds, and then rapidly 
cooling the heated heat-sensitive material to a preselected lower temperature, 
typically less than about 40° C, or typically less than 30 °C, in a short time period 
to provide a cooled heat-sensitive material with the virus or agent destroyed or 

30 reduced. The heat-sensitive material is rapidly heated and rapidly cooled, while 
circulating the heat-sensitive material through a plastic tubing, with the total 
heating, holding and cooling time periods not greater than 1.0 seconds and 
sufficiently short so as not to substantially effect the desirable properties, such as 
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the Factor VIH and IX properties of blood plasma or serum, but sufficient for the 
desirable reduction of the pathogenic organisms or microorganisms in the heat- 
sensitive material, typically to effect a multilog, e.g. six-log or more, cycle reduction 
of the microorganism. 

5 It is desirable to provide for a new, efficient, controlled batch and 

continuous system and method for the high temperature, short time heating for 
heat-sensitive material which overcomes at least some of the disadvantages in prior 
the high temperature, short time heating system and method. 

Summary nf t he Invention 

The invention relates to a high temperature, short time heating system and 
method and in particular, to a high temperature, short time heating system and 
method for heat-sensitive material which will preserve the selected biological 
characteristics of the heat-sensitive material, while achieving multilog reductions 
of pathogenic agents, such as viruses, in the heat-sensitive material. 

The high temperature, short time heating system of the invention is directed 
to heat-sensitive material, particularly biological fluids, which system comprises a 
microwave feed guide to provide microwave energy to the heat-sensitive fluid, 
typically a liquid, to be treated, and microwave power supply to supply electrical 
power to the microwave feed guide. The system includes computer and electronic 
controls optionally with a display screen and optionally with a printer to provide 
for control of the process parameters of the high temperature, short time heating 
system, such as the preheating, heating and cooling times and temperatures of the 
heat-sensitive material. The system includes a pump or pump means to pump the 
heat-sensitive fluid through the system and a feed source, or feed container, for the 
25 heat-sensitive fluid to be treated, and a collection source for the collection of the 
sterilized, pasteurized or heat-treated fluid after passing through the system. 

The system also includes a cartridge, typically in the preferred embodiment, 
a disposable, easily inserted and removable cartridge which provides a movable 
sanitary system with disposable contact parts for simple cleaning and sterilization, 
particularly for use with blood plasma, serum and with tissue cultures and other 
sanitary, sensitive-type material. The cartridge includes a preheater composed of 
a housing and containing a plurality of tubing in the housing for the passage of the 
fluid to be preheated and treated therethrough, and an inlet and an outlets for the 
introduction and withdrawal of hot water to provide for preheating of the fluid in 
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the tubing. The cartridge would also include a microwave heating coil containing 
a plastic or non-microwave susceptible material holder and plastic tubing 
susceptible to the passage of microwave energy, such as flexible, transparent plastic 
tubing, to permit the rapid microwave heating of the preheated fluid passing 
5 through the tubing, the microwave heating coil positioned to form uniform 
generally parallel loops and positioned within the microwave field of the microwave 
guide and adapted to be inserted within an opening in the microwave guide and 
into the microwave heating field. 

The cartridge includes a cooler containing a housing with a plurality of coils 

10 of tubing to receive the microwave heated fluid and an inlet and outlet ior the 
introduction and withdrawal of cold water in the housing to cool rapidly the 
microwave heated fluid to a temperature generally less than 40 °C The cartridge 
typically would include metal tubing in the preheater and the cooler, such as 
stainless steel tubing, and include flexible, microwave transparent plastic tubing, 

15 such as a fluorocarbon tubing, like Teflon® tubing, typically transparent, connected 
to the metal tubing of the preheater and between the outlet of the preheater and 
the inlet of the cooler and with other tubing means to connect the feed source, the 
pump, the cartridge and the collection means to permit the pumped passage of the 
fluids from the feed source by the pump through the cartridge means and into the 

20 collection means. 

The cooler may be mounted on a bracket which is in turn mounted to an 
adjustable screw. As the screw is adjusted the cooler moves up or down, drawing 
an amount of tubing out of the microwave field. The portion of the tubing 
between the microwave field and the cooler holds the microwave heated fluid at 

25 a relatively constant temperature for a period of time (the hold time) prior to 
cooling. The hold time is proportional to the velocity of the fluid in the tubing and 
the length of the tube between the microwave field and the cooler. By adjusting 
the length of this tubing the hold time can be adjusted without changing the flow 
rate of the heat sensitive fluid. 

30 Tbe microwave heating coil used comprises a plurality of loops of the plastic 

tubing of defined length within a plastic coil retaining holder means to retain the 
plastic tubing in a generally parallel, uniform, side by side, slightly spaced apart, 
coiled arrangement of the plastic tubing which may be easily positioned within the 
microwave guide. The plastic coil retainer or holder may comprise a base portion 
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and a downwardly extending holder of a plastic material adapted to extend through 
an opening in the microwave guide housing and into the microwave heating field 
and having a plurality of spaced apart, side by side slots or holes through which the 
microwave plastic tubing may be threaded, and generally with a plurality of aligned 
5 upper and lower holes to thread the tubing therefrom and to bold the plastic tubing 
an the arranged, coiled manner. The cartridge with the preheater, the microwave 
coil and the cooler should generally be arranged in one preferred embodiment so 
that the entire unit may be disposable, and typically would comprise a base with 
the preheater and the cooler on the upper surface of the base and the microwave 
10 heating coil extending below the base for use in the microwave guide energy field. 
The employment of a disposable cartridge is particularly preferred and adaptable 
with culture media, plasma material or other type material where the cartridge 
must be cleaned between each use. 

The microwave heating coil may be mounted on a fixed frame or a rotatable 
15 grooved spindle. When the cooler is adjusted, sufficient slack tubing is provided 
to allow the cooler to pull out the required length of tubing when adjusted. If the 
tubing is mounted on a rotatable spindle, when the cooler is adjusted the spindle 
rotates thus feeding tubing to the cooler and drawing tubing from slack supplied 
between the preheater and the microwave field. 

20 Generally, the disposable cartridge employed in sterilizing or pasteurization 

operations comprises a combination of a preheater-type heat exchanger, a coiled 
microwave tube and a cooling heat exchanger with a continuous tube constructed 
of lengths of metal and plastic material passing through the cartridge, the metal 
tubing material being used in the preheater and the cooling, while the plastic 

25 tubing material used in the microwave coil guide. In operation, the heat-sensitive 
fluids are passed through this tubing which runs through the preheater, the 
microwave field and the cooler, with the flexible plastic tube of defined length and 
diameter and coiled in the microwave coil guide with to provide satisfactory 
exposure to the microwave energy and to raise rapidly, e.g., less than 200 

30 milliseconds, the heat-sensitive fluid to the high appropriate temperatures, e.g. over 
60°C, such as 70°C to 180°C, within the short time period desired, e.g. 5 
milliseconds. The tube diameter, the length and the number of coils in the 
microwave field, may be varied as desired. 
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The computer electronic control employed in the process merely operates 
on an algorithm for the control of the process for microwave sterilizing, 
pasteurizing or otherwise heat-treating the heat-sensitive fluid, and which accepts 
real time inputs from pressure, flow, temperature, motor and other sensors in the 
5 system and employs this information to control the time-temperature history of the 
heat-sensitive fluid flowing through the flexible plastic tubing which is coiled 
through the microwave field. 

The system optionally and preferably includes the accurate sensing of the 
fluid temperature in the inlet and outlet of the microwave coiled plastic tubing and 
in particular, employs with transparent tubing an non-invasive IR infrared sensor 
employing an IR sensor in conjunction with fiber optic cable in which an infrared 
sensor or fiber optic cable is coupled to an IR sensor placed in physical contact 
with and adjacent to the microwave plastic tube in which the heat-sensitive material 
is flowing in and out of the microwave coil. Generally, the signal from the IR 
sensors is amplified and then sent into the computer electronic control to act as 
one of the process parameters. 

The system of the invention may be used with a wide variety of fluids to be 
sterilized, pasteurized or heat treated, which would include heat-sensitive liquids, 
such as biological liquids, solutions, suspensions and the like, and would include, 
but not be limited to, blood and serum, plasma, cell culture media and the like, 
and in particular, heat-sensitive material which contains HTV, EMC and unknown 
viruses which can cause a major problem in such a heat-sensitive material. The 
system permits viral inactivation of a heat-sensitive material either in batch form 
or in a continuous operation. The system avoids the difficulties associated with 
other systems and methods, for example, conventional thermal methods which tend 
to destroy delicate biological materials and the use of filters which clog with cell 
culture media or blood products, or conventional chemical methods which add 
substances are difficult to remove or otherwise effect the fluid. 

The system permits the high temperature, short time heating of fluid, for 
example in less than 0.1 seconds, for example, less than 0.05 seconds, such as 0.01 
seconds. The system permits heating and cooling total times of only a few 
milliseconds, typically 500 to 200 milliseconds or less. 

The invention will be described for the purposes illustration only in 
connection with certain embodiments; however, it is recognized that various 
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changes, additions and improvements can be made in the invention by those 
persons skilled in the art, all falling within the spirit and scope of the invention. 

Brief Description of the Drawings 
Fig. 1 is perspective view of the high temperature, short time microwave 
5 heating and cooling system of the invention. 

Fig. 2 is a perspective, schematic, enlarged illustration of the disposable 
cartridge system used in the system of Fig. 1. 

Fig. 3 is a perspective, schematic illustration of an alternative disposable 
cartridge system used in the system of Fig. 1. 

10 Fig. 4 is a schematic illustration of the infrared fiber optic, temperature 

sensing system used with the microwave heating coil shown in Fig. 2 

Fig. 5 is a schematic illustration of a block flow diagram of the components 
of the system of the invention. 

Fig. 6 is a graphical illustration of a high temperature, short time example 
15 of the viral inactivation of HIV in a blood plasma employing the system of Fig. 1 
and recovering a heat-sensitive material Factor vm using the system of Fig. 1. 

Description of the Ejnbodjments 
Fig. 1 shows the high temperature, short time microwave heating system 10 
of the invention which comprises computer electronics controls 12 to monitor the 

20 parameters of the high temperature, short time process which includes a computer 
display 18 and which system includes a microwave power supply 14 which supplies 
microwave power to microwave guide 16. The system includes a feed tank 20 to 
supply a heat-sensitive material to be treated and a collection tank 22 for the 
recovery of the sterilized or viral inactivated heat-sensitive material and which 

25 includes a pump 24 connected through tubing 28 and 30 and a disposable cartridge 
26, the disposable cartridge shown in more detail in Fig. 2, and which is disposably 
placed over and within an opening at the end of the wave guide 16, so that the 
portion of the disposable cartridge 26 comprising the microwave coil is disposed 
in the microwave energy field. 

30 Fig. 2 is a perspective view of a disposable cartridge 26 for use with the 

system 10 in Fig. 1 which cartridge has a preheater 32 containing a inlet 34 for the 
introduction of a heat-sensitive material from a pump 24 to be treated, the 
preheater comprising a transparent plastic housing 38 containing a plurality of coils 
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of stainless steel metal 40 therein and having an outlet 36 which connects to a 
metal or plastic tubing 46 connection wherein the housing 38 has an inlet 42 for the 
introduction of hot water, for example, 70* C to 95 °Q and more particularly 80 °C 
to 85 °C, and an outlet 44 for the withdrawal of the hot water after preheating the 
5 heat-sensitive fluid in the coil 40. 

The disposable cartridge 26 includes a plastic, T-shaped microwave coil 
holder having a base 50 and a downwardly extending portion 52, the base 50 
extending to and secured to the bottom of a base 48 on which the preheater 32 and 
a cooler 58 are positioned, the base 50 being rectangular and adapted to fit into 

10 the opening at the end of the microwave guide 16. The holder extension 52 
includes a plurality of spaced apart, aligned holes 54 in the upper and lower 
sections of the holder and includes a plastic tubing 56, such as, but not limited to, 
a Teflon® tubing, of a desired diameter, such as 1/16 to 1/2 inch, sequentially 
wound or threaded through the holes 54 to form a plurality of side-by-side, 

15 generally uniform, spaced apart coils which are to be placed in the microwave field, 
the diameter of the tubing and the number of coils with the pumping rate selected 
to provide for the desired exposures and for the rapid heating of the heat-sensitive 
material within the coils 56. The plastic coil 56 is secured by being threadably 
turned onto threads at the end of the stainless steel outlet 46 from the preheater 

20 32. 

The disposable cartridge 26 also includes on the upper portion of the base 
48 a cooler 58 which comprises a transparent plastic housing 60 having a plurality 
of coils of stainless steel tubing 62 therein and having an inlet 64 which is 
threadably connected to the plastic tubing 56 from the microwave coil 50, and an 

25 outlet 66 in the transparent housing 60 which includes an inlet 68 for the 
introduction of cold water, and an outlet 70 for the withdrawal of cold water, the 
cold water being typically less than 10°C, for example, 2°C to 10°C, where the 
total system is arranged for example for 100 liters per hour of treatment of a heat- 
sensitive fluid, and the outlet tubing also selected so as to provide for a flow rate 

30 of 100 milliliters per second of heating and cooling the water. The flexible plastic 
tubing 56 employed in the microwave cooling guide may vary in length and 
diameter and in composition, but may comprise Teflon®, polyethylene, PVC or 
other tubing. However, it is preferably that the tubing be transparent, particularly 
when employed with the optical fiber IR sensor temperature system. The 
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disposable cartridge 26 as designed and shown in Fig. 2 is designed to be 
inexpensive and disposable, so that the need for cleaning and sterilization of the 
tubing after each use is dispensed with and which is particularly useful for the 
treatment of blood plasma and serum or tissue cultures. 
5 Fig. 3 is a perspective of an alternative disposable cartridge 26 for use with 

the system 10 in Fig. 1 which cartridge consists of a preheater 32 containing an 
inlet 34 for the introduction of a heat-sensitive material from a pump 24, the 
preheater comprising a transparent plastic housing 38 containing a plurality of coils 
of stainless steel metal tubing 40 therein which connects to plastic tubing 36 which 
10 has sufficient length or slack to allow adjustment of the cooler 58 and is supported 
to facilitate movement in and out of the microwave field. The housing 38 has an 
inlet 42 for the introduction of hot water or other fluids, for example, 50°C to 
100'C, and more particularly 80°C to 85°C, and an outlet 44 for the withdrawal 
of the hot water after preheating the heat-sensitive fluid in the coil 40. 
15 The disposable cartridge 26 in Fig. 3 includes a plastic frame extension 52 

which holds a plastic spindle coil holder 55 grooved to hold the coils in the desired 
spacing. The frame 52 has a base 50 extending to and secured to the bottom of a 
base 48 on which the preheater 32 and a cooler 58 are positioned, the base being 
rectangular and adapted to fit into the opening at the end of the microwave guide 
20 16. The spindle coil holder 55 holds sequential coils of plastic tubing and can turn 
in the frame 52 when the cooler 58 is adjusted with the cooler adjustment screw 
78. The spindle 55 holds the tubing coil 56, such as, but not limited to, a Teflon® 
tubing, of a desired diameter, such as 1/16 to 1/2 inch, sequentially wound on the 
spindle 55 to form a plurality of side-by-side,generally uniform, spaced apart coils 
25 which are to be placed in the microwave field, the diameter of the tubing the 
number of coils with the pumping and cooler adjustment are selected to provide 
for the desired exposures and for the rapid heating of the heat-sensitive material 
within the coils 56. The plastic coil 56 is secured to being would into threads at 
the end of the stainless steel coil 40 in the preheater 32. 
30 The disposable cartridge 26 in Fig. 3 also includes on the upper portion of 

the base 48 a cooler 58 which comprises a transparent plastic housing 60, mounted 
on a bracket 80 which can be adjusted up or down using screw 78 thus extending 
the length of plastic tubing 82 outside of the microwave field and prior to the 
cooler which determines the time at which the heat-sensitive fluid is held and prior 
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to the cooler which determines the time at which the heat-sensitive fluid is held at 
the desired temperature and having a plurality of coils of stainless steel tubing 62 
therein and having an inlet 64 which is threadably connected to the end of the 
plastic tubing 56 making up the microwave coil, and an outlet 66 in the transparent 
housing 60 which includes an inlet 68 for the introduction of cold water or other 
coolant, and an outlet 70 for the withdrawal of cold water or coolant, the cold 
water being typically less than 10°C, for example, 2°C to 10°C, where the total 
system is arranged for example for 100 liters per hour of treatment of a heat 
sensitive fluid, and the outlet tubing also selected so as to provide for a flow rate 
of 100 millimeters per second of preheating fluid and coolant. 

In operation, the disposable cartridge 26 (as in Fig. 2 or 3) is used by merely 
inserting the base 50 and extension holder 52 with the coiled up tubing 56 into the 
top rectangular open space of the housing of the microwave guide 16 in system 10, 
so that the base 48 rests on the top portion of the system 10 of the housing of the 
wave guide while the extensions 50 and 52 with tubing 56 are then placed in the 
microwave energy field of the wave guide 16. If an adjustable cartridge, such as 
that in Fig. 3 is used, the screw 78 (Fig. 3) is then adjusted to achieve the desired 
hold time. The tubing 28 is then connected to the inlet 34 and the tubing 30 
connected to the outlet 66. After the sterilizing, pasteurizing or heat treatment of 
the heat-sensitive fluid, the disposable cartridge 26 may then be disconnected and 
lifted out and discarded, and a new cartridge 26 then inserted in the opening at the 
top of the wave guide 16 of the system 10. 

Fig. 4 is a schematic plan view of the infrared fiber optic temperature 
sensor. A portion of the system 10. The IR temperature sensor system is adapted 
for use wherein the tubing 56 is transparent and provides for a non-invasive 
technique for the accurate measurement of the inlet and outlet temperature into 
the microwave heating coil 56, which includes as illustrated a plurality of optical 
glass fibers placed together within an outer cable form 72 with the end of the 
optical fibers adjacent the outer transparent surface 56 on the inlet and outlet side 
of the microwave heating coil 56 and with the fibers adapted to collect and forward 
to an infrared sensor 74 the infrared heat of the fluid flowing in the tubing 56 to 
be converted into a temperature signal and the electrical signal amplified by an 
amplifier 76 and then returned to controls 12 contained in the monitoring system 
10. 
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The IR sensor 74, in conjunction with the optical fiber cable 72, provides for 
an accurate, non-invasive technique for accurate measurement of the temperature 
of the heat-sensitive fluid at the inlet and outlet of the coil 56. In one 
embodiment, the tubing 56 would comprise a Teflon® tubing of 1/8 inch outside 
5 diameter and 1/16 inch inside diameter and is of an IR transparent material. The 
standard optical fibers for example may be made of zirconium fluoride glass having 
a diameter of about 100 microns and wherein the fibers may be arranged in 
multiple rows, such as two parallel rows to the tubing 56 against which they are 
placed. The number of optical fibers to be used may vary, but generally from 10 

10 to 100 fibers, e.g. 20 to 50, would typically be employed with the fiber optic fibers 
placed within a fiber optic cable 72 terminated with a standard SMA connector, 
and then thereafter coupled with any brand of an IR sensor and amplified. The 
IR sensor 74, for example, may be, but not limited to, the Williamson Fiber View 
6000, fiber optics single wave length, 4-wire, non-contact temperature transmitter 

15 and control system manufactured by Williamson Corporation of Concord, 
Massachusetts, or similar infrared control system. Generally, the selection of IR 
sensor may differ depending upon the inlet or outlet temperature, the IR sensor 
typically being a broad band of 1-4 microns and selected for example to measure 
the inlet temperature to the tubing 56 would be from 45°C to 65°C, and the outlet 

20 temperature ranging from about 70°C to 110°C. The end of the fiber optics is 
placed adjacent to the wall of the transparent tubing 56 and should be small 
enough to have an acceptable angle of acceptance in contact with the wall of the 
tubing 56. 

Fig. 5 is a block-flow schematic diagram illustrating the system 10 of Fig. 1 
25 in block-flow form. 

Fig. 6 is a graphical illustration of an example of viral inactivation of HTV 
virus in blood plasma and recovery of the heat-sensitive viral inactive blood plasma 
employing the system 10 of the invention wherein the heat-sensitive material 
comprises a blood plasma and wherein the length of the tubing in the preheater 40 
30 is about four feet and the length of the tubing in cooler 62 is about four feet, and 
wherein 1/8 inch Teflon® tubing 56 employed is about two feet in length and the 
holder 52 with the preheat inlet temperature to the microwave heating coil is 50 °C. 
The graphical illustration shows an obscissor set forth in time (seconds) and an 
ordinate both in log reduction and degrees Centigrade and illustrates the rapid 
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heating of the blood plasma to about 75 °C and the rapid cooling in a timed period 
of 0-02 seconds and a rapid cooling of about 0.2 seconds to a low temperature of 
30° C and the substantial destruction of 99.999% of the HIV virus with a recovery 
of the blood plasma of 85% of the F-Vm factor. 
5 The described and illustrated system for the high temperature, short time 

heating of a material permits batch and continuous, operation and employs 
preferably a disposable cartridge for use with materials which require a sanitary- 
type system and thus avoids frequent cleaning and sterilization, and yet, the system 
preserves the biological characteristics of the heat-sensitive material while achieving 
10 multilog reductions in pathogenic organisms. 



* 
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CLAIMS 

What is claimed is: 

Claim 1. A high temperature, short time microwave system for the 
2 heating of a heat-sensitive fluid for the reduction or inactivation of organisms 
therein, which system comprises: 

4 a) a microwave wave guide means to provide microwave energy to the 

fluid to be treated in the system; 

6 b) a microwave power supply to supply electrical power to the 

microwave wave guide means; 

8 c) electronic control means to provide for the control of the heating and 

cooling times and temperatures of the fluid; 
10 d ) pump means to pump the fluid through the system; 

e) feed source means for a source of fluid being treated; 
12 0 collection means for the collection of the heat-treated fluid; 

g) cartridge means which comprises in combination: 

14 0 a preheater means containing tubing therein for the passage 

of the fluid to be treated and means to permit the fluid within the 
16 tubing to be preheated to a preselected temperature; 

ii) microwave heating coil means containing a tubing susceptible 
18 to me passage of microwave energy to permit the rapid heating of 

the preheated fluid passing through the tubing to a high selected 
20 temperature, the microwave heating coil means adapted to be 

positioned in the microwave energy field of the guide means; and 
22 iii) cooler means containing tubing therein to receive the 

microwave heated fluid and to cool rapidly the microwave heated 
24 fluid to a lower temperature; and 

h) tubing means to connect the feed source means, the pump means, the 

26 cartridge means and the collection means to permit the pumped passage of 

the fluid to be treated from the feed source through the cartridge means 
28 and to the collection means. 



2. The system of claim 1 wherein the microwave heating coil 
2 comprises a plurality of loops of a flexible plastic tubing on a plastic coil retaining 
means to retain the plastic tubing in a generally parallel, uniform, side-by-side, 
4 coiled array of plastic tubing in the microwave guide means. 
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Claim 3. The system of claim 2 wherein the plastic coil retaining means 
2 comprises a base and a downwardly extending plastic holder having a plurality of 

spaced apart holes therein with the plastic tubing extended through the holes 
4 therein with the plastic tubing extended through the holes in a positioned, arrayed, 

coiled fashion. 

Claim 4. The system of claim 3 wherein the plastic coil retaining means 
2 comprises a plurality of aligned, spaced apart holes in an upper and in a lower 
section of the plastic holder for the sequential threading of the plastic coil 
4 therethrough. 

Claim 5. The system of claim 4 wherein the plastic tubing comprises a 
2 infrared transparent plastic tubing. 

Claim <L The system of claim 1 wherein the preheater means and the 
2 cooler means both comprise metal tubing coiled within an interior housing, the 
outlet of the metal tubing of the preheater means and the inlet of the metal tubing 
4 of the cooler means secured to the plastic tubing of the microwave coil means. 

Claim 7. The system of claim 6 wherein the preheater means comprises 
2 an inlet for the introduction and an outlet for the withdrawal of hot water, and the 
cooler means comprises an inlet for the introduction and an outlet for the 
4 withdrawal of cold water. 

Claim 8. The system of claim 7 wherein the preheater and cooler means 
2 comprise a transparent plastic housing and is positioned on the upper surf ace of 
a base with the plastic microwave coil retaining means extending downwardly from 
4 the base, the cartridge means adapted to be positioned in an opening of the 
microwave feed guide means and in the microwave energy field of the wave guide 
6 means. 

Claim 9. The system of claim 1 wherein the cartridge means provides 
2 for the rapid heating to a temperature greater than 60 °C of the heat-sensitive fluid 

in a time of less than about 02 seconds and the rapid cooling of the heat-treated 
4 fluid to a temperature of less than about 40 °C in a time of less than about 05 

seconds. 

Claim 10. The system of claim 1 wherein the tubing in the microwave 
2 heating coil means permits the passage of infrared energy and which system 
includes a fiber optic infrared sensor means to measure the inlet and outlet 
4 temperature of the fluid into and out of the microwave heating coil means. 
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Claim 11. The system of claim 10 wherein the infrared sensor means 
comprises a plurality of optical fibers arranged in a cable form, the fiber optic 
cable adjacent to the transparent plastic tubing at the inlet and at the outlet of the 
microwave heating coil means and an IR sensor in communication with the fiber 
optic cable and adjacent the exterior surface of the tubing to permit the IR sensor 
to measure the inlet and outlet temperatures of the heat-sensitive fluid in the 
microwave heating coil and means to communicate the measured temperatures to 
the electronic control means. 

Claim 12. The system of claim 1 wherein the feed tank source comprises 
a blood plasma or serum, tissue media or other heat-sensitive fluid containing a 
pathogenic agent. 

Claim 13. The system of claim 1 wherein the tubing in the preheater and 
cooler means comprises a stainless steel metal tubing with screw threads at one end 
thereof and wherein the plastic tubing in the microwave coil means is threadably 
turned into the threaded end of the metal tubing at the outlet of the preheater 
means and at the inlet end of the cooler means to provide a pressure-type, 
mechanically sound joint between the tubing ends. 

Claim 14. The system of claim 1 which includes a variable hold time 
means to extend or shorten the length of tubing between the microwave heating 
coil means and the cooler means thereby providing for adjustment of the holding 
time at which the fluid is held at the high temperature. 

Claim 15. The system of claim 14 which includes: 

a) a base on which the cartridge means is positioned; 

b) a mounting bracket means on the base and secured to the cooler 
means; and 

c) threaded means connected to the mounting bracket means to permit 
the vertical movement of the cooler means on the base to adjust the length 
of tubing outside of and between the microwave heating coil means and the 
cooler means, thereby providing for adjustment in the holding time of the 
fluid at the high temperature. 

Claim 16. The system of claim 15 wherein the microwave heating coil 
means includes a grooved, rotatable spool to hold a plurality of tubing coils to 
permit the adjustment in the length of the microwave-susceptible tubing. 
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4 Claim 17. A cartridge for use with a high temperature, short time 

microwave heating system, having a microwave heating guide within a housing with 

6 an opening to provide a microwave heating field and which cartridge comprises in 
combination: 

g a) a base; 

b) preheater heat exchanger means on the base to preheat a heat- 
10 sensitive fluid to a preheated temperature; 

c) microwave heating coil means which includes downwardly extending 
12 from the base, a microwave coil retaining means with a plurality of coils of 

plastic tubing on the retaining means, the tubing connected to the preheater 
14 means and adapted for the rapid heating of preheated, heat-sensitive fluid 

in the tubing to a selected high temperature, the microwave coil means 
16 adapted to be placed within said opening of the microwave guide housing 

and positioned in the microwave heating field and to be easily removed 
18 from said opening; and 

d) cooler means on base for the rapid cooling of the rapidly heated, 
20 heat-sensitive fluid from the microwave heating coil means. 

Claim 18. The cartridge of claim 17 wherein the microwave heating coil 
2 means comprises a coil retaining means secured to the lower surface of the base 

and which includes a plurality of holes with a plurality of plastic tubings threaded 
4 through the holes to retain the plastic tubing in the heating coil means in a 

generally side-by-side, uniform, looped coil arrangement. 

Claim 19. The cartridge claim 17 wherein the microwave heating coil 
2 means includes a microwave coil retaining means composed of a plastic material 

having a plurality of aligned holes in an upper and in a lower section and wherein 
4 the plastic tubing is sequentially passed through the aligned holes in the upper and 

lower sections to form a plurality of generally uniform, side-by-side plastic tubing 
6 coils. 

Claim 20. The cartridge of claim 17 wherein the preheater means and 
2 the cooler means includes a plurality of coiled metal tubing therein, the outlet of 

the metal tubing in the preheating means and in the inlet of the metal tubing in the 
4 cooler means threaded and swagingly connected to the inlet and outlet respectively 

of the plastic tubing of the microwave heating coil means. 



WO 95/00179 PCI7US94/06825 

16 

21. The cartridge of claim 17 wherein the plastic tubing employed 
2 in the microwave heating coil means comprises a generally transparent tubing 
adapted for use with an infrared, fiber optic, temperature sensing means. 

Claim 22. The cartridge of claim 17 wherein the preheater means 
2 includes an inlet and an outlet for the introduction and withdrawal of hot water to 
preheat the heat-sensitive fluid, and the cooler means includes an inlet and an 
4 outlet for the introduction and withdrawal of cold water for the cooling of the 
heated heat-sensitive fluid. 

Claim 23. A high temperature, short time microwave heating system 
2 which includes a microwave wave guide, an microwave power source for the 
microwave wave guide and which includes the cartridge of claim 17 positioned in 
4 the microwave heating field of the microwave wave guide for the rapid, short time 
heating of heat-sensitive fluid. 

Claim 24. The cartridge of claim 17 wherein the preheater means and 
2 the cooler means comprise a transparent plastic housing, each with an inlet and an 

outlet for the introduction and withdrawal of hot or cold water respectively, and 
4 which includes a plurality of metal coils therein to provide for the rapid heating 

and the rapid cooling of the preheated, heat-sensitive fluid, and the outlet of the 
6 metal coil of the preheater means, and the inlet of the metal coil of the cooler 

means connected to the plastic tubing of the microwave heating coil means. 

Claim 25. In a method for the rapid, high temperature, short time 
2 microwave heating of a heat-sensitive fluid having an organism or pathogenic agent 

which method comprises: 

4 a) preheating the fluid to a selected temperature; 

b) rapidly heating the preheated fluid within the plastic tubing in a 
6 microwave energy field to a selected high temperature to reduce or 

inactivate the organism or pathogenic agent, the heating, without substantial 
8 alteration of other desirable properties of the fluid, is carried out in less 

than about 1.0 second; 

10 c > ra P idl y cooling the heated fluid to a temperature of less than about 

40 °C in a period of less than about one second; and 

12 d ) recovering the heated, cooled fluid, the improvement which 

comprises: 
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14 positioning a disposable, plastic, microwave heating 

coil means containing a plurality of generally uniform, 
16 aligned, spaced apart coils of the plastic tubing within 

the microwave energy heating field, the plastic tubing 
18 retained in a coiled arrangement by a plastic coil 

holder which holder is easily inserted in and removed 
20 from the microwave heating field after each use. 

Claim 26. The method of claim 25 which includes providing a disposable 
2 cartridge means which comprises a preheater means, a microwave heating coil 
means and a cooler means on a base, the microwave heating coil means extending 
4 from the base and positioning the microwave cartridge means within an opening 
in the housing of the microwave energy heating source. 

Claim 27. The method of claim 25 which includes retaining the plastic 
2 tubing of the microwave heating coil means in an arrayed coil form by a plurality 
of holes in the holder. 

Claim 28. The method of claim 25 which includes securing each end of 
2 the plastic tubing to a threaded outlet and a threaded inlet respectively of the 
heater means and cooler means. 

Claim 29. The method of claim 25 which includes employing infrared 
2 transmissible plastic tubing and sensing the temperature of the inlet and the outlet 
of the plastic tubing by employing a fiber optic cable and an infrared sensor 
4 connected to the fiber optic cable, the fiber optic cable placed near or in adjacent 
contact with the outside of the plastic tubing. 

Claim 30. The method of claim 25 which includes varying the holding 
2 time at which the fluid is held at the high temperature from about 025 milliseconds 
to about 500.0 milliseconds. 

Claim 31. The method of claim 25 which includes varying the length of 
2 plastic tubing between the heating of the fluid in the microwave energy field and 
the cooling of the fluid to adjust the holding time of the fluid. 

Claim 32. The method of claim 31 which includes vertically and 
2 threadably adjusting the distance between the microwave heating coil means and 
a means to cool the fluid to adjust the length of the plastic tubing between an 
4 outlet of the microwave heating field and the inlet of the means to cooL 



* 

WO 95/00179 

PCT/US94/06825 




SUBSTITUTE SHEET (RULE 26) 



WO 95/00179 PCTAJS94/06825 



2/3 



« 




FIG. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 95/00179 



3/3 



PCT7US94/06825 



microwave! 

POWER 
SUPPLY 



MICROWAVE 
GUIDE 



DISPOSABLE 
CARTRIDGE 



FEED 
TANK 



I 



PUMP 



PRINTER 




FIG. 5 




0.05 0.1 0.15 
TIME(SEC) 



0.2 



FIG. 6 



SUBSTITUTE SHEET (RULE 26) 



INTEkfv . j iONAL SEARCH REPORT 



International application No. 
PCT/US 94/06825 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 5 A61L2/00 A61L2/12 



H05B6/80 



H05B6/68 



According to International Patent gasification (IPC) or to both national class ft cation and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 5 A61L 



searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US,A,3 706 631 (FALK J.D.) 19 December 
1972 



□ 



Further documents are listed in the continuation of box C. 



GO 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A' document defining the general state of the art which is not 
considered to be of particular relevance 

"E* earlier document but published on or after the international 
filing date 

"L* document which may throw doubts on priority daimfs) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

*&' document member of the same patent family 



Date of the actual completion of the international search 



24 October 1994 



Date of mailing of the international search report 

0 7. U 



Name and mailing address of the ISA 

European Patent Office, P.O. 581 8 Patcntlaan 2 
NL - 2380 HV Rijswijk 
Tel. ( + 31 -70) 340-2040, Tx. 31 651 eponl, 
Far (+31-70) 340-3016 



Authorized officer 



Peltre, C 



Form PCT/1S A/210 {second iheet) (July 1993) 



INTERNATIONAL SEARCH REPORT 

^formation on patent family members 



Patent document 
cited in search report 



US-A-3706631 



Publication 
date 

19-12^72 



International application No, 
PCT/US 94/06825 



Patent family 
member(s) 



NONE 



Publication 
date 



Fonn PCT/1SA/210 (patent family annex) (Jujy 1993) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



iU LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 




□ SKEWED/SLANTED IMAGES 



COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 



